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Abstract
Objectives: The aim of the study was to survey the prevalence of human hantavirus infections among forestry workers, 
who are considered a risk population for contracting the disease. Sera collected from volunteers were tested for antibodies 
against Dobrava-Belgrade (DOBV) and Puumala (PUUV) viruses. Material and Methods: For serological analyses, full 
capsid proteins of DOBV and PUUV viruses were produced in a bacterial expression system, while Ni-resin was used for 
protein purification. Samples were screened for anti-hantavirus antibodies by ELISA, results were confirmed by Western 
blot analysis. Results: A total of 835 samples collected from 750 males and 85 females were tested by indirect ELISA and 
positive test results were confirmed by Western blot assay. Out of the 45 ELISA-reactive samples, 38 were confirmed by 
Western blot analysis. The regional distribution of seropositive individuals was as follows: 1.9% (2/107) in the Danube-Tisza 
Plateau (Great Plains), 3.1% (10/321) in the Southern Transdanubian region, 5.2% (13/248) in the Northern Transdanubian, 
and 8.2% (13/159) in the North Hungarian Mountains. Conclusions: Our data show marked geographic differences in sero-
prevalence of pathogenic hantaviruses within Hungary, indicating elevated exposure to hantavirus infections in some areas.
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INTRODUCTION

Hantaviruses, as members of the Bunyaviridae family, are 
potential human pathogens with rodent and insectivore 
host species. Hantaviruses circulating in Asia and Europe 

are collectively called Old World hantaviruses; these ag
ents are usually connected with the disease called hemor
rhagic fever with renal syndrome  (HFRS), with varying 
case fatality rates ranging from 0.1–15% [1]. Next to the 
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described in Hungarian insectivorous mammals, such as 
Nova virus (NVAV) in the European common mole (Talpa 
europaea) [22], and Seewis (SWSV) virus, which was iden-
tified in European common shrew (Sorex araneus) [23].
Hunters and forestry workers represent a risk population 
for hantavirus infections due to their increased exposure 
to various rodents carrying different pathogenic hantavi-
rus species. Studies focusing on hantavirus seroprevalence 
in this risk population were carried out in several Euro-
pean countries, including Slovakia, Poland, Switzerland 
and Germany [24–28]. This occupational risk has not been 
systematically investigated in Hungary; hence, we aimed 
to study hantavirus infections by demonstrating DOBV 
and PUUV specific antibodies in serum samples of hunt-
ers and forestry workers.

MATERIAL AND METHODS

Volunteers and samples
Serum samples were collected from volunteer forestry 
workers, between June 2011 and February 2013. All volun-
teers provided a signed consent and were asked to fill out 
a  questionnaire containing the following aspects: epide-
miological data (i.e., age, place of birth and living), exact 
work duties, work time in forestry and on-field, previous 
zoonotic infections, animal contacts, domestic animals 
kept, medication received as well as drugs taken. Factors 
in context of possible hantavirus preludes were also recor
ded, i.e., unclarified severe renal complaints and diseases 
with high fever. All kinds of manipulation with potentially 
infectious materials were carried out in a BSL-3 facil-
ity of the University of Pécs. Study was approved by the 
National Medical Scientific Ethical Board (ETT-TUKEB 
No#2213-0/2010-1018EKU).

Combined DOBV-PUUV specific ELISA
For ELISA and Western blot  (WB) analysis, we applied 
recombinant DOBV and PUUV antigens, both produced 

usual kidney involvement, European hantaviruses may 
also cause pulmonary symptoms, similarly to the sym
ptoms caused by New World hantaviruses  [2–5]. Hence, 
the  term  “hantavirus disease” has recently been intro-
duced in clinical nomenclature to cover all clinical mani-
festations provoked by hantaviruses [6–8]. Disease severity 
strongly correlates with the causative hantavirus species.
Old World hantaviruses include several species and geno-
types within a species. Dobrava-Belgrade virus  (DOBV) 
species has  4 genotypes, each segregating according to 
the murine host species. Dobrava and Sochi genotypes 
are carried by yellow-necked mouse (Apodemus flavicol-
lis), and Caucasian wood mouse (A.  ponticus), while Saa-
remaa and Kurkino genotypes are transmitted by striped 
field mouse (A.  agrarius). Puumala hantavirus  (PUUV) 
is associated with nephropathia epidemica  (NE), a mild 
form of HFRS, with bank vole (Myodes glareolus) as host 
species. Tula virus (TULV) was identified in common vole 
(Microtus arvalis), and was suspected to be a rare cause of 
hantavirus disease in humans [9–12].
In Hungary, HFRS was first observed in the early 1950s 
among military personnel. HRFS with verified hantavi-
rus origin was reported officially in 1971  [13]. Routine 
laboratory diagnosis was launched in the early  80’s. 
Between  1987 and  1993, the Hungarian Army Medical 
Corps confirmed HFRS in 55 patients by indirect fluores-
cent antibody technique (IFAT), high density particle ag-
glutination (HDPA) and enzyme-linked immunosorbent 
assay  (ELISA) techniques  [14]. Later on, case reports 
and clinical studies revealed that DOBV was often found 
as a causative agent of identified hantavirus infections in 
the country [15–17].
The circulation of DOBV in Hungary was proven by mo-
lecular methods already in 1995 and somewhat later, the 
circulation of 3 DOBV genotypes was confirmed [18–20]. 
In  2008, the presence of TULV was also verified in the 
Transdanubian region by molecular methods in Micro-
tus arvalis voles  [21]. Additional hantavirus diversity was 
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proteins. Nucleocapsid proteins of DOBV and PUUV 
were loaded into the wells of Mini-PROTEAN® Precast 
Gels (BIO-RAD). After electrophoresis, proteins were 
transferred to 0.45  μm pore size nitrocellulose mem-
branes  (BIO-RAD), using Trans-Blot® SD Semi-Dry 
Electrophoretic Transfer Cell (BIO-RAD), at 170  mA 
for 30  min. After blocking for 30  min with 5%  non-fat 
dry milk (Blotting-Grade Blocker, BIO-RAD), sera were 
applied in 1:100 dilution using tris-buffered saline (TBS) 
(pH = 7.5), containing 0.1% bovine serum albumin and 
0.05% Tween-20 (Sigma). Horseradish peroxidase-conju-
gated rabbit anti-human IgG (1:2000, DakoCytomation) 
was used as secondary antibody. All incubation steps were 
executed at room temperature for 1  hour. Three con-
secutive 10 min washing steps were implemented using 
1x TBS-Tween-20 (pH = 7.5). Development was carried 
out using diamino-benzidine in 50 mM Tris (pH = 7.5), 
containing 0.3% Nickel(II) chloride (Sigma).

ELISA and Western blot validation
Specificity and sensitivity were measured as described pre-
viously  [17]. Briefly, specificity and sensitivity was deter-
mined comparing our in-house ELISA and WB analysis 
results to those obtained by a commercially available ELI-
SA kit (Focus Diagnostics), specific for DOBV, Hantaan, 
PUUV and Seoul viruses.

Statistical analyses
For comparison of proportions, the Chi2 test was applied. 
Difference of p ≤ 0.05 was considered as statistically sig-
nificant for each analysis.

RESULTS
As a first step, protein expression products to be used 
in serological screenings were characterized. Polyacryl-
amide gel electrophoresis as well as microfluidic-based 
analyses revealed  55 and 59  kDa-sized recombinant nu-
cleocapsid proteins for DOBV and PUUV, respectively. 

in an Escherichia coli bacterial expression system, as de-
scribed previously [29]. Microtiter plates (Maxisorp Nunc-
Immuno Plate, Nunc) were coated with a combination of 
DOBV and PUUV antigens, followed by incubation for 2 h 
at  37°C. Excess antigens were removed by washing with 
phosphate-buffered saline (PBS) (pH = 7.5), containing 
0.05% Tween-20 (Sigma) (PBS-T). Microtiter plates were 
blocked for 2 h at 37°C, using PBS containing 5% non-fat 
dry milk (Blotting-Grade Blocker, BIO-RAD) and 5% su-
crose (Merck). Volunteers’ sera were used in 1:100 dilu-
tions in PBS containing 2.5%  non-fat dry milk. Serum 
samples of patients previously verified for  DOBV and 
PUUV infections, respectively, were used as positive con-
trol. After incubation for  1  h at  37°C, microtiter plates 
were washed with PBS-T. Horseradish peroxidase-con-
jugated rabbit anti-human IgG  (DakoCytomation) was 
used as secondary antibody, diluted to  1:4000  in  PBS-T. 
Plates were incubated at 37°C for 1 h, followed by wash-
ing again with PBS-T. Colour development was allowed 
using 100  μl of  3,3’,5,5’-tetreamethylbenzidine substrate 
(BD  OptEIA), incubating at room temperature in the 
dark for 15  min. The reaction was stopped by the addi-
tion of 100 μl of 2M sulfuric acid, and optical density was 
measured on a microplate spectrophotometer (Thermo 
Electron Corporation) at 450 nm. 
The cut-off  (CO) value was calculated as described pre-
viously by Dobly et  al.  [30]. Briefly: the average optical 
density  (OD) of negative control sera plus 3  times their 
standard deviation. We compared series by calculating the 
ratio: observed OD/CO. A sample was considered positive 
if this ratio was at least  1.5. Ratios between  1.0 and  1.5 
were considered “grey zone” values, while samples with 
ratio lower than 1 were considered to be negative.

Western blot assay
All samples considered as positive (with high or “grey 
zone” OD values) were confirmed by immunoblot 
analysis, against both DOBV and PUUV nucleocapsid 
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in region  IV was significantly higher than in regions  II 
and III (p < 0.05).
Hantavirus-specific antibody prevalence was 3% (23/750), 
and 2.4% (2/85) among males and females, respective-
ly.  The average ages of seropositive men and women 
were 44 years and 43 years, respectively. In 4 cases, ana
mnesis records could be connected to hantavirus etio
logy, with symptoms and findings of renal colic, elevated 
serum creatinine (above 300 μmol/l), nephritis, urinary 
problems, and also dialysis treatment in 1 person. In all 
these cases, renal involvement was considered idiopath-
ic at the time of emergence, the underlying cause was 
not clarified.

As an  introductory step, specificity and sensitivity values 
for ELISA and WB tests were verified. The same sample 
set was tested in parallel with ELISA, WB assay and a com-
mercially available ELISA kit. The sensitivity of ELISA 
and WB for both DOBV and PUUV was 100%. The speci-
ficity of WB for DOBV was 100%, while it was 97.5% for 
PUUV. The ELISA assay had a specificity of 93% for both 
viral antigens.
In total, 835  blood samples were collected from healthy 
volunteer forestry workers, personnel of 106 sylvicultures 
in  9  Hungarian counties. The  750 males (range: 18–70) 
and  85 females (range: 23–59) had an average age 
of 45 years, with 25 years (range: 0.1–51) of field work on 
average. The initial screening of the  835 serum samples 
in IgG ELISAs using mixed PUUV and DOBV antigens 
demonstrated a total of 45 (5.4%) reactive and equivocal 
sera. Serological reactivity for 38 (4.6%) of the 45 ELISA-
reactive sera was confirmed in Western blot tests, the re-
sulting 38 sera were regarded as seropositive. 
A map displaying seroprevalence data was constructed, by 
dividing the country area to 4 main regions, which corre-
spond to the field work area of donors. The main areas are 
the following: Northern Transdanubian region (I), South-
ern Transdanubian region  (II), the Danube-Tisza Pla-
teau (III) and the North Hungarian Mountains (IV) (Fig-
ure 1). The regional seroprevalence values were the fol-
lowing: 1.9%  (2/107) in region  III, 3.1%  (10/321) in re-
gion II, 5.2% (13/248), in region I, and 8.2% (13/159) in 
region IV (Table 1). Chi2 test revealed that seroprevalence 

Table 1. Prevalence of hantavirus antibodies in the study areas by serological tests 

Study area Sampling site
(n)

Sample
(N = 835)

(n)

Positive
(n)

Seroprevalence 
(%)

Danube-Tisza Plateau (III) 5 107 2 1.9
Southern Transdanubian region (II) 16 321 10 3.1
Northern Transdanubian region (I) 6 248 13 5.2
North Hungarian Mountains (IV) 5 159 13 8.2
Total 32 835 38 4.6

I – Northern Transdanubian region. 
II – Southern Transdanubian region. 
III – Danube-Tisza Plateau. 
IV – North Hungarian Mountains.

Fig. 1. Location of blood sampling sites and regions in Hungary
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present and the past serosurvey. Our screening (ELISA) 
and confirmation (WB) methods were carefully optimized 
and were based on recombinant viral nucleocapsid anti-
gens that were produced utilizing up-to-date molecular 
biological systems. 
Studies similar to our survey have been carried out in 
Europe to reveal hantavirus seroprevalence in forestry 
workers. In Slovakia, 2133  persons were involved in 
a screening for DOBV, PUUV and TULV hantaviruses. 
A 5.88% seroprevalence was detected in the eastern part 
of the country  [24]. In Germany, a corresponding work 
was carried out in the north-eastern Brandenburg terri-
tory, revealing that among a total of 563 tested persons, 
9%  proved to be seropositive against DOBV, PUUV 
and TULV [28]. In Switzerland, the assaying of 1693 far
mers, forestry workers, young soldiers and blood do-
nors showed low seroprevalence rates with a maximum 
of  1.9%. The study area was restricted to the Canton 
of St. Gallen [27]. There are 2 related studies from Po-
land. In the paper of Gut et al. 2007, panels of 86 sera 
from forest workers and 47 zoologists working with small 
mammals were evaluated for hantavirus specific  IgG. 
PUUV-specific antibodies were detected in 14.9% (7/47) 
of zoologist’s sera, while all sera of forestry workers 
were negative [25]. On the other hand, Grygorczuk et al. 
in 2008 found that in the north-eastern part of Poland, 
anti-PUUV  IgG from forest worker sera was detected 
in 5.7% (4/69), while HTNV-specific IgG was present in 
2.9% (2/69) persons [26].
Thus, comparing Hungary to other European countries 
with available data of hantavirus prevalence in forestry 
workers, we conclude that the occurrence of hantavirus 
infections is most similar to that of reported form Slo-
vakia, at least in terms of the total seroprevalence. The 
data shown in the studies from Poland also demonstrate 
comparable values, although there is a large difference in 
the number of tested samples. The authors from Slova-
kia and Switzerland screened considerably more persons, 

DISCUSSION

The current study revealed a relatively high seropositive 
rate for hantaviruses among forestry workers in the North 
Hungarian Mountains  (IV). The difference between ar-
eas IV and III was 4-fold. Because the source of hantavi-
rus infections in humans are rodents, this area specific dif-
ference may reflect differences in the exposure to infected 
rodents. In Hungary, rodent hosts for DOBV are Apode-
mus flavicollis and A.  agrarius, while PUUV is carried 
by Myodes glareolus. Although the habitat of A.  agrarius 
includes forests as well as agricultural areas, the remain-
ing 2 host species, especially A. flavicollis typically prefer 
large, montane woodlands for habitats [31,32]. 
Our findings seem to correlate with the latter, as the 
highest seroprevalence values in this study were detected 
in the large mountain woodlands of regions  IV and  I. 
Statistical test results also confirmed that significant dif-
ference was only found when comparing region  IV to 
regions  II and  III, the latter  2 being hilly and lowland 
regions. The considerably lower prevalence value in re-
gion  III is probably related to the relatively small and 
open forest patches, where populations of A. agrarius, 
A. flavicollis, and M. glareolus gets mixed with additional 
rodent and shrew species.
It is interesting to compare these latest results to a for-
mer large-scale study from Hungary. A  national sero-
survey was carried out in 2000, when 2257 citizens were 
tested for antibodies against hantavirus using IFAT, HDPA 
and  ELISA. Results indicate that about  10% of healthy 
people can be considered seropositive. Affected persons 
lived in all areas of the country [33]. Persons tested at that 
time were not restricted to the “risk population” discussed 
here, but were selected on a basis only to cover the ma-
jority of the country area and being older than 20 years. 
In the light of our results, the 5.4% disparity in total se-
roprevalence represents a marked discrepancy. Possible 
explanations for this observation include the differences 
in sensitivity and specificity of test results utilized in the 
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whereas the study from Germany had the most compa-
rable number of involved forestry workers. On the other 
hand, Germany experiences higher number of annual 
hantavirus infections than Hungary and the countries 
directly surrounding it [34,35]. Furthermore, TULV was 
included in the study from Germany and Slovakia show-
ing that – at least in the federal state of Brandenburg – 
more than  40% of the positive sera reacted exclusively 
with TULV.
Given those whole nucleocapsid proteins that contain 
both type-specific and type-common epitopes, our labo-
ratory tests could not distinguish between DOBV and 
PUUV infections. Similar shortcomings apply to several 
commonly used commercial and in-house laboratory as-
says developed for hantavirus serology. Therefore, more 
precise data about the rates of infections caused by differ-
ent pathogenic hantaviruses requires new methodologic
al approaches.

CONCLUSIONS

Based on the results of our comprehensive investigation 
in Hungary, we assume that hantavirus seroprevalence 
among forestry workers is similar to that in Slovakia. 
Moreover, a greater attention might be paid to the to risk 
population for hantavirus infections in the future. 
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